This study determined the effects of earthquake induced landslide on fine root mortality. It is useful to understand underground soil process after earthquake. We established 9 plots at each of non-moved and landslide site in Cupressus funebris and Cryptomeria fortunei forest stands near the fault belt of the Wenchuan Earthquake. Fine roots were sampled at 0 -10 and 10 -15 cm soil layer using aluminum cylinders (100 cm 3 ). We found that earthquake induced landslide significantly increased fine root mortality in Cupressus funebris and Cryptomeria fortunei forest stands. Fine root biomass also decreased by landslide at 0 -10 cm soil layer. We observed that the fine root biomass and mortality were various with forest type. There were higher fine root mortality rate (68.4%) and lower fine root biomass (0.48 t/hm 2 ) in Cupressus funebris than the Cryptomeria fortunei soils (0.97 t/hm 2 and 37.4%).
Introduction
The Wenchuan Earthquake, with a magnitude of 8.0, was one of the largest earthquakes in the world which not only made people homeless, and caused serious economic losses, but also disturbed ecosystem, soil process and fine root development. Fine root, as an important organ for water and nutrition uptake, is easily damaged by earthquake and disturbs [1] . Intense disturbs would decrease fine root biomass and increase root mortality [2] . However, there has been relatively little information on the earthquake-induced disturbs on fine root biomass and mortality rate.
It was reported that the earthquake moved the forest as much as 60 m downhill from their original elevations along the slopes [3] . Our previous study discussed the effects of the landslide on soil environment and root pa-rameters as well as the causes of the tree death after earthquake. We found earthquake-induced landslides decreased mean tip length/length and mean tip/biomass of fine root [4] . Previous report suggested that fine root was significantly impacted by earthquake [4]- [6] . However, there are no data reported the fine root mortality and the biomass changes under the earthquake. Therefore, the aims of the present study were to 1) evaluate fine root mortality rate in the landslides and 2) to understand whether the fine root mortality disturbed in earthquake various with forest type.
Materials and Methods

Study Site Description
The study area was located in the northern section of the main seismic fault. It was extended between N31˚38′-31˚49' and E104˚16′-104˚28' and elevated between 759 m and 1397 m. The mean annual precipitation ranged from 1261 mm to 1399 mm, and the mean annual temperature was from 15.6˚C to 16.3˚C.
Experiment Design
Cupressus funebris and Cryptomeria fortunei forest were choose to investigate the fine root mortality after earthquake. These two forest stands are main species plantation in this region. All the plantations were with approximately 0.5 m × 0.5 m density and 23 -27 year old. A total of 11 plots were established at two sites (Shiyan, Shuangdian) near the seismic fault. Each of the plots with 20 m × 20 m in size. At Shiyan site, 6 plots were located in Cupressus funebris forest, 3 of them were landslide after earthquake and the other 3 were no-landslide. At Shuangdian site, 5 plots were located in Cryptomeria fortunei forest. 2 of them were landslide after earthquake and the other 3 were no-landslide. The landslides were moved 20 m to 60 m down from the upper elevations.
Root Sampling
Within each of the plots, 9 points with the distance of 5 meters were determined for the soil collection. At each of the points, three intact soil cores with a 100 cm 3 volume (5 cm in diameter, and 5 cm in height) was taken from the surface layer (0 -10 cm, >10 -15 cm), respectively, it contains 198 sample in total. All samples were collection with zip bag and taken to laboratory, and then picking fine root from that. We distinguish live and dead fine root (diameter < 2 mm) by root color, elasticity and appearance. Live root elastic, hard, having bright color, died root with darker color and brittle break easily. After picking, live and dead fine root were measured using a digital balance after drying in an oven at 85˚C for 72 h. Biomass were calculating by the following equation:
Fine root biomass (t•hm −2 ) = dry weight of soil cylinder × 100/[π(d/2) 2 ], π was pi; d was the diameter (cm) of soil core [7] .
Data Analysis
Analysis of variance (ANOVA) and least significant difference (LSD) were used to assess the species and soil status for fine root biomass. All analyses were performed using SPSS 18.0 (IBM, USA), and graphs were drawn using Sigmaplot 10.0.
Results and Discussion
Fine Root Biomass and Mortality Rate Changes with Forest Status
Forests status statistically influenced fine root biomass and mortality at the soil depth of 0 -10 cm and 10 -15 cm ( Table 1) . Live fine root biomass was significantly lower in Cupressus funebris (0.48 t/hm 2 ) than the Cryptomeria fortunei soils (0.97 t/hm 2 ) in 0 -10 cm soil layer. However, the live fine root in the soil layer of 10 -15 cm have no significantly difference between the two forests (Figure 1) . Fine root mortality rate in 0 -10 cm and 10 -15 cm soil layer were 68.4% and 48.4% in Cupressus funebris. Fine root mortality rate in 0 -10 cm and 10 -15 cm soil layer were 37.4% and 57.6% in Cryptomeria fortunei. Our results suggested that earthquake induced soil physical property changes disturbed soil root growth. Fine root, as a main organ for nutrient and water uptake, were very sensitive to environment disturbs. Large amount of fine root mortality accelerate root turnover in forests. Higher fine root mortality in Cupressus funebris than Cryptomeria fortunei was probably due to smaller specific root area and specific root length in the roots of Cupressus funebris than that of Cryptomeriafortune after the earthquake [6] . Earthquake induced landslide inhibited the elongation of the fine root of Cupressus funebris than that of Cryptomeria fortunei.
Fine Root Biomass and Mortality Rate Changes with Earthquake Induced Soil Status
Soil status statistically influenced fine root biomass and mortality at the soil depth of 0 -10 cm and 10 -15 cm ( Table 1) . Live fine root biomass was significantly lower in landslide plots (0.37 t/hm 2 ) than the no slide plots (1.05 t/hm 2 ) in 0 -10 cm and 10 -15 cm soil layer (Figure 2) . Fine root mortality rate in 0 -10 cm and 10 -15 cm soil layer were 88.4% and 72.9% in landslide plots. Fine root mortality rate in 0 -10 cm and 10 -15 cm soil layer were 45.3% and 36.8% in no landslide plots. The mechanism of fine root mortality were induced by two main reasons: one was physical injury which induced by landslides; another reason was that earthquake induced landslide makes soil surface compact and dryer. Compact and dryer situation not suit for root development because severe drought may increase the effects of compaction, for example fine roots and tips may shrink due to desiccation [8] .
The Interactive Effects of Forest and Soil Status on Fine Root Biomass and Mortality
Forests and soil status statistically influenced fine root biomass and mortality in our study ( Table 1) . At the plot of Cryptomeria fortunei soils, live fine root biomass were significant lower in slide plots than no slide plot whenever in 0 -10 cm soil layer or in 10 -15 cm soil layer (Figure 3) . Dead fine root biomass were higher in slide plots than no slide plot. Fine root mortality rate were higher in landslide plots in both of Cupressus funebris and Cryptomeria fortunei plots. 
Conclusion
Our data showed that earthquake induced landslides have significantly disturbed fine root biomass and increased fine root mortality in surface layer of forest soil. Fine root mortality rate varied with forest type in our study. Fine root mortality rate in 0 -10 cm soil layer was 68.4% in Cupressus funebris which was higher than that of 37.4% in Cryptomeria fortunei. It is probably that Cupressus funebris fine root is more sensitive to earthquake induced disturbs.
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